Overweight is defined by a body mass index (BMI) between 25.0 and 29.9, and obesity is defined by a BMI greater than 30. 1 The risk of death has been demonstrated as BMI increases with the greatest risk for a BMI over 30.
Overweight is defined by a body mass index (BMI) between 25.0 and 29.9, and obesity is defined by a BMI greater than 30. 1 The risk of death has been demonstrated as BMI increases with the greatest risk for a BMI over 30. 1 Adams et al 2 examined the health outcomes of middle-aged adults and concluded that being overweight increased the risk of death by 20% to 40% and, furthermore, 2 to 3 times that percentage for obese persons. Being overweight is also associated with increased risk of chronic diseases, secondary symptoms, and impairment of quality of life according to Lean et al. 3 Balance is the ability of the body to maintain equilibrium and orientation within a base of support. According to Lord and Sturnieks, 4 good balance requires contributions from vision, peripheral sensation, neuromuscular control, reaction time, muscle strength, and the vestibular system. Aging can result in a gradual loss of functioning for these systems, which can contribute to balance and gait disorders.
Good balance is an imperative skill for daily life. 5 Nitz and Choy 6 reported that 8% of women in their 40s, 14% in their 50s, and 25% in their 60s had fallen. Causative factors identified included activity level and BMI. Balance disorders are a growing public health concern because of their strong relationship to falls. Falls can represent the beginning of the decline in function and physical independence and are the leading cause of injury-related hospitalization 5 and injuryrelated deaths of older adults.
obese subjects are at a higher risk of falling than are lightweight subjects when submitted to postural stressors and perturbations. Li et al 10 examined the effects of adding externally attached weight to simulate overweight and obesity on anticipatory postural adjustments and concluded that a 20% to 40% increase in body weight was associated with larger need for anticipatory postural control. Loss of weight in obese and morbid obese men has been shown to improve their balance control in a manner that was directly related to the amount of weight lost. 11 Talbot et al 12 have documented that 21% of middle-aged adults reported falling within the past 2 years. The results of this study indicate the prevalence and potential extent of this problem for women of middle age. Obesity has been shown to be associated with a higher prevalence of falls and stumbling during ambulation and reductions in quality of life in middle-aged and older adults. 13 The literature has demonstrated that active middle-aged adults possess better balance than do sedentary middle-aged adults. 14 There is little research focusing on the effects of an overweight state on balance and other gait parameters in the middle-aged sedentary individual. The majority of the research has focused on obesity, balance, and older adults. The purpose of this pilot study was to examine the effects of being overweight as measured by BMI on balance and other gait parameters in sedentary middle-aged adults. Second, we sought to identify a point within the increased BMI that may represent the starting point for balance and gait deviations.
Methods Subjects
Thirty-four volunteers between the ages of 40 and 64 years were recruited from the campus of New York Institute of Technology (NYIT) and from the greater community to participate in this study. The Institutional Review Board of NYIT approved this investigation. Subjects were informed of the experimental risks and benefits and signed an informed consent document prior to the investigation. The volunteers were tested at the offices for Catholic Home Care (Carle Place, New York) and at NYIT's Old Westbury campus. Subjects were recruited by posting flyers across NYIT and various community locations within a 10-mile radius of the campus. Inclusion criteria were as follows: BMI 25.0 to 29.99, aged 40 through 64 years, and no participation in an organized exercise program within the past year. Exclusion criteria included BMI over 29.99, weight over 300 lb, use of an assistive device, cognitive or vestibular impairments, active pain or orthopedic/neurological pathology that would limit the completion of the study, and participation in an exercise program in the past 12 months.
Not all of the consenting subjects met the inclusion criteria. Therefore, 14 potential subjects' data were excluded from the study secondary to having a BMI above or below the specified requirements. 
Procedure
At the start of the session, all participants signed consent forms. Subjects then answered the ABC. All subjects' height, weight, and hip and waist circumferences were measured. The following balance and gait tests were then administered in a randomized order: BBS, TUG, gait speed, and the Biodex SD. The results of these tests are presented in Table 1 .
The ABC is a balance confidence self-report test that was administered to each subject by the researchers to determine if fear is a factor when engaging in 16 varied mobility situations when compared with other healthy community dwellers.
15, 16 Myers et al found that those with ABC scores >90% out of 100% had no chronic health problems and that higher balance confidence was related to both ability to control sway and increased gait speed. 17 Powell et al found the internal consistency and reliability of this instrument over a 2-week period to be r = .92 and Cronbach's α of .96, respectively. 15 The BBS, TUG, and gait speed were administered as per standardized protocol. The BBS takes approximately 15 minutes to conduct, having14 tasks ranging in difficulty. Each item is scored 0 to 4 based on specific criteria. A scale of 0 to 56 (perfect) allows grading to reflect improvement. 18 The BBS has been found to have an intrarater reliability intraclass correlation coefficient (ICC) of 0.98, interrater ICC of 0.98, and internal consistency Cronbach's α of .96. Validity has been established using the Barthel r = .67; for the TUG, r = .76. 19 Gait speed was calculated by having the subject walk at his or her comfortable pace for 7 m with a 2-m start and finish before and after timing with a stopwatch. The ICC for gait speed ranges from 0.79 to 0.97 for older adults. 20 Norms for comfortable and maximal walking speed have been published. 21 Gait speed measurements have strong intrarater, 21 interrater, 21 and test-retest reliability. [21] [22] [23] The mean of the 2 trials of gait speed was calculated and recorded.
The TUG requires the subject to stand up from sitting, walk 3 m, turn around, and return to the chair. The process is timed using a stopwatch. 24 The time it takes to complete this task is compared to published scores for the "same age" healthy population. Each subject completed 2 trials of the TUG, and the second trial was used as data for this study. The TUG has an intrarater and interrater reliability r of .99. 24 Validity has been determined for the BBS of r = -.81, r = -.61 for gait speed and r = .78 and for the Barthel.
The Biodex SD is equipped with adjustments that permit it to be moved relatively easily from site to site. A Dynamic Stability Index (DSI) score is generated from the subject's ability to maintain a stable base during testing. The greater the DSI, the more impaired the balance responses to the dynamic movement of the platform. Therefore, higher values are indicative of increased difficulty maintaining postural control as evidenced by the inability in varying degrees to sustain the cursor in the center circle or "bull's-eye." Three trials of the double-leg stance (DLS) protocol were used to assess the subject's ability to maintain the center of gravity over the base of support with a moveable platform. After each trial, quantitative data were printed and recorded. The best trial was used. The data collected were compared with those of the norms published for this population. 25 The intrarater reliability has been found to have an ICC of .82 for the DLS trial used in this study. 26 In addition, Hinman has found the intratester test-retest reliability to be .89 at level 3 based on 2 separate 30-second trials. 27 Prior to the use of the Biodex SD, safety instructions were given. The machine was calibrated to establish the location of the subject's base of support on the platform. Measurements of both foot angle and heel placement were entered into the machine, read directly from the platform grid. During the trials, the platform moved beneath the subjects' feet. Verbal cues were given to keep the marker (subject's center of gravity) in the bull's-eye of the visual display screen throughout testing. Optimal postural control is demonstrated by being able to respond to the movement and maintain the marker on the bull's-eye. A researcher was present at all times to maintain safety, by guarding the subject as needed.
Statistical Analysis
Statistical analysis was performed with SPSS (Windows version 15.0, Chicago, Illinois). Pearson product correlation coefficients were calculated between BMI and the TUG, gait speed, BBS, ABC, and DLS to explore relationships between these variables. We decided to use the midway point of 27.5 to explore a cutoff point within the BMI overweight range that may possibly signal the start of balance and gait deviations. We divided the subjects into 2 groups: group 1 having a BMI starting at 25.00 through 27.49 and group 2 with a BMI from 27.50 to 29.99. We performed unpaired t tests between these 2 groups on the following variables: BMI, TUG, gait speed, BBS, ABC, DLS, and age. Statistical significance was set at an α level of P < .05. In addition, scores obtained from these subjects were compared with normative values for the TUG, gait speed, and Biodex SD. 
Results
Twenty volunteers, with a mean age of 53.59 years (men, 52.89 years; women, 53.84 years), met the criteria necessary to participate in this investigation. Subject characteristics were as follows: The mean BMI was 27.85, and the mean number of medications was 1.28. Experimental raw scores for all subjects' anthropometrics and balance assessments are presented in Table 1 . There was no significant difference between the 2 groups on unpaired t test: TUG, t = 0.528 and P = .604; gait speed, t = 0.180 and P = .859; BBS, t = 0.666 and P =.514; ABC, t = 1.02 and P = .320; DLS, t = 0.292 and P = .774; and age, t = 0.824 and P = .421. There were no significant Pearson product correlations noted between groups for gait speed (r = .094), BBS (r = -.139), TUG (r = .157), ABC (r = .107), and DLS (r = -.246) based on the BMI. There were, however, differences in the performance of this entire group when compared to normative values. Compared to normative data, we found the experimental group to have slower comfortable gait speed, reduced dynamic stability, and greater TUG times than did other healthy middle-aged adults. Data obtained for gait speed and TUG by decade are presented in Table 2 .
Discussion
This exploratory study investigated the effects of an increased BMI on balance reactions, using various tests and measures. It is well documented that the incidence of falls in the elderly population increases with age. 28 However, previous studies have not fully investigated specifically the effects of an increased BMI seen in overweight, with possible balance impairments in the otherwise sedentary healthy middle-aged person.
Overall, the BBS and ABC scores were representative of a well population with adequate postural control that did not identify them at increased risk for falls. In fact, the ABC scores attained represent a mobile independent population without chronic illness, as we would expect. It is significant to recognize that despite possible increased likelihood of falling, this group continues to have good confidence in their abilities. It is likely that ceiling effects were observed on the BBS and ABC with this particular group of subjects. Perhaps using a more sensitive balance examination is necessary to more clearly demonstrate the reductions in postural stability.
Although the following tests are used with various populations, when our group is compared to healthy norms, the results of the TUG, gait speed, and Biodex SD testing indicate there was reduced postural control, possibly indicating increased risk of falls. This study's results indicate that as BMI increases, postural control deteriorates as captured by the DSI of the Biodex SD. Previously published norms for this population are as follows: Ages 36 to 53 years should be less than 2.9, and ages 54 to 71 years should be below 3.4. 29 Our combined group mean was more than twice that number at 8.36. The increased BMI shifts the individual's center of gravity, causing greater difficulty with movement and speed. Indications of impaired balance responses were evidenced by subjects reaching for outside support or being unable to keep the cursor in the bull's-eye range. As might be expected, as the BMI increased, there was an associated increase in the subject's DSI, the value generated from the DLS protocol. The Biodex SD was a sensitive tool in detecting postural impairment in the healthy middle-aged population.
This was further confirmed by the gait speed. According to published norms, the mean comfortable gait speed for a person in his or her 60s is documented as 1.32 m/s. 21 The comfortable gait speed was found to be reduced in all 3 decades tested when compared with norms.
Bohannon 21 provides the mean height and weight by gender and decade. When the group BMI was calculated for this population by gender and decade, we found that the women in their 40s to 60s have a normal BMI < 25. The male subjects, however, are in the range of this study and have mean BMIs in the 40s of 28.1, in the 50s of 28.4, and in the 60s of 26.5. Female subjects in the fourth decade (n = 4) had mean gait speeds at a comfortable pace of 0.98 m/s compared with a mean norm of 1.39 m/s. The fifth-decade female subjects' (n = 5) gait speed was 1.168 m/s, whereas the mean norm for these women in the 50s was 1.39 m/s. The overall mean gait speed for this study having ages between 40 and 64 years was 1.26 m/s.
In regard to the TUG scores, few studies have documented values for these age groups. Steffen et al 20 found that for older adults aged 60 to 69 years combining the gender, the TUG value should be about 7 to 9 seconds. Although we only had 2 subjects in the 60 to 64 year age range, our subjects confirmed those values, with a mean of 7.75 seconds. For those subjects in the 40s and 50s, however, there was increased time taken to complete the TUG. Bouillon et al 30 found that the TUG at comfortable speeds for those controls in the 40s was 4.6 seconds; our values had a mean score of 7.16 seconds. Also, the same group found subjects in their 50s completing the TUG at preferred speed had mean times of 5.6 seconds. Our subjects in their 50s required a mean of 8.8 seconds. Samson et al 31 had similar findings, particularly noted at 55 years, and described the decline seen in their subjects as related to differences in height and body weight that occur with aging. They also found the decline to be more profound in women than in men; this study included only 7 male subjects.
Limitations in this study included a small sample size of healthy subjects and difficulty recruiting subjects secondary to the weigh-in process. Many potential subjects rejected our invitation to participate when they learned they would have to be weighed. Also, we compared gait speed of our small number of individual female subjects to a larger group mean found in the literature.
We recommend that future studies focus on recruiting a larger sample size, compare other healthy age groups that are overweight to the middle-aged population, and investigate correlations between populations with a BMI greater than 30 with balance impairments by assessing specific body types. Also, future longitudinal studies that track falls outcomes of sedentary people over time might assist in the development of strategies to prevent falls later in life. It was also felt that traditional assessments such as the BBS did not identify balance deficits due to ceiling effects. The use of a more sensitive balance assessment would be indicated to reflect reductions in postural control under challenging conditions. Finally, other studies should be conducted to enhance the research base in terms of norms for younger populations using tests such as the TUG.
The clinical relevance of this study is that efforts to promote assessment and education in this direction might lead to the earlier identification of a population that would benefit from primary prevention strategies to reduce future falls. Interventions generated from this endeavor would likely reduce subsequent falls. Identification of those potentially at risk also might aid in improving wellness-related behaviors to reduce risks imposed by being overweight in some individuals. The results of this study indicate that an overweight middle-aged adult who requires attention from a falls-related trauma should have a balance assessment.
Conclusion
As an individual's body mass increases, the stability index increases, indicative of reductions in postural control. Based on this study's findings, the Biodex Balance System DLS protocol, TUG, and gait speed were identifiers of postural control impairments. There may be increased risk for falls with increases in body mass short of obesity thresholds of BMI 30% for this sedentary middle-aged adult population. Although these subjects are younger, falls screening measures may prove beneficial as a prevention strategy for sedentary, overweight middle-aged adults. Future studies, with larger groups of subjects, that address postural stability and BMI are necessary.
